Abstract Until relatively recently Peregrines have been regarded as a rural bird. As their populations have increased over the past 20 years, Peregrines have increasingly become urban birds. One of the earliest locations to be occupied by Peregrines in the UK was on a church in Exeter, in the county of Devon. Over the past 20 years we have studied their diet, collecting prey remains on a regular basis. The results reveal that Feral Pigeons Columba livia comprise one third of the diet by frequency and just over half of the diet when measured by mass. The remainder of the diet comprises a wealth of other species including wading birds, other doves and pigeons, ducks, gulls and terns, and rails. A selection of species eaten by the Peregrines reveal that they are hunting at night, taking certain wading birds, rails and grebes, that would be difficult to catch by day and are known to migrate at night. This study is the most comprehensive to date and reveals that while the Feral Pigeon is an important part of the diet, contrary to public opinion, it is by no means the only species that Peregrines eat. In fact, the remaining half of the diet, by mass, comprised 101 other species of bird and three species of mammal. Such dietary studies help dispel myths about peregrines feeding habits and ensure that their conservation and protection is based on evidence.
Introduction
In the late 1990s Peregrines, Falco peregrinus, were just beginning to appear in towns and cities in southern England. Two decades later, in 2014, 1,769 pairs were recorded across the UK. Out of these approximately 211 pairs now breed on man-made structures, with many currently populating city centres (Wilson et al. 2018, pers. com.) . One of the earliest cities to be occupied was Exeter in Devon, where Peregrines tenanted St. Michael's Church, Mount Dinham. This is very close to the city centre and 6 km from where the River Exe begins to open out in the Exe Estuary.
Urban sites such as St. Michael's Church have had different Peregrines in residence over a 20-year period. During this time there has been a growing interest and commitment by individuals, groups and organisations to observe and share with the general public the comings and goings of Peregrines that may be nesting in their local city centre. The Exeter Peregrines have been watched by a worldwide audience, following the installation of a camera to watch the nest by the wildlife surveillance company, Eco-watch Ltd; this was in use between 2001 and 2007. They have also been part of the Royal Society for the Protection of Birds' (RSPB) 'Aren't Birds Brilliant ' Campaign between 2005 and 2008. Urban nesting Peregrines provide a unique chance to study different aspects of their lives and behaviour in close detail, and, in particular, their diet. When they bring prey back to buildings, fallen remains end up on the ground, on the roofs and in the gutters (Drewitt & Dixon 2008 ). This provides an opportunity -not generally available at traditional cliff nest sites -to regularly collect remains all year round with no disturbance to the Peregrines to determine prey selection and diet. Nick Dixon has been collecting prey remains since June 1997 at St. Michael's, and has been investigating the diet of the Peregrines, with the help of Ed Drewitt. This study covers the period 1997 to 2017, and is the largest single-site study of prey by Peregrines in the world.
The study of the diet of any animal gives researchers the potential to find out what that species is eating and what is important for their survival. While peregrines are mainly generalist avian feeders, there are patterns to their diet. Discovering what Peregrines eat, and how their diet changes throughout a year and over a longer period, is important for the species' conservation. It gives us a better understanding of how they fit into the ecology of our rural and urban landscapes. While the Peregrine has been increasing in urban areas across England, there have been declines across the UK, particularly in northern England and Scotland (Wilson et al. 2018) . Therefore, knowing what Peregrines are feeding on is an important part of understanding what may be affecting population numbers in certain regions.
A brief history of the peregrines at St. Michael's Church
Peregrines have been associated with St. Michael and All Angels Church at Mount Dinham in Exeter City Centre since July 1988, when a second summer male first took up residence. He was joined by an adult female in the spring of 1989 and the pair was regularly observed hunting over the city, feeding and perching on the many stone pinnacles on the church tower. N. Dixon & E. J. A. Drewitt The Devon Bird Watching & Preservation Society (DBWPS) installed a nest box. However, the falcons were never observed entering it. The pair dispersed in late 1990, but other single Peregrines were occasionally recorded up until 1992. This behaviour is typical of Peregrines and how they colonise urban areas over time (the pattern of urbanisation) (Taranto 2009) . No Peregrines were recorded at the church from 1993 until 1997.
A pair of Ravens Corvus corax had previously been nesting in tall cedar trees to the west of the church and, in 1997, built a stick nest on an 45cm wide east-facing ledge at the base of the spire, about 30m above ground level. It is not known if the Ravens used the nest. However, a new pair of Peregrines took up residence in early April, laid eggs and successfully reared three young, in what was the first record of urban nesting on a man-made structure in Devon.
During the following winter, the lightning conductor, upon which the Ravens had constructed their nest, had to be replaced. The stick nest was in poor condition, having been flattened by the three juvenile Peregrines during their development, and subsequently fell apart and was removed. During the works, DBWPS replaced it with a purpose-built shallow tray containing loose substrate, with sticks wired around the exterior to replicate the original nest. The falcons immediately took to the new nest tray, and in 1998 they again fledged three young and continued to use this site over the following years.
In 2001, the wildlife surveillance company Eco-Watch Ltd. designed and installed a camera to film the birds at the nest, enabling all to watch the developments via the Worldwide Web. The RSPB, Devon Wildlife Trust and Exeter City Council also ran guided watches for the public from a tall car park overlooking St. Michael's Church during many of the breeding seasons.
In 2008, the camera became obsolete when a new female arrived and opted to use the original nest box erected in 1989 on the southern face. This new site required the falcons to enter a wide stone trefoil, 2 m above the south-facing ledge, to access an internally mounted nest box set within the bell chamber.
A new web camera was installed prior to the breeding season in 2013 by Jason Fathers, of 'Wildlife Windows', a wildlife surveillance company. Jason has also ringed the juvenile peregrines in the south face nest since 2013.
The peregrines at St. Michael's Church have bred every year since 1997, rearing 57 young over the period, with all but two successfully fledging into the wild. In 1997, one juvenile came down to the ground prior to fledging and was taken into care by a rehabilitator and later reported as released into the wild. In 2008, a newly fledged female became entangled in anti-bird netting on a nearby roof, damaging its wing and many primary feathers. This bird was also taken into care and subsequently released into the wild after she had moulted into her adult plumage and been trained into peak fitness for hunting (Dixon 2017 ).
Materials and methods
When feeding, Peregrines leave behind lots of evidence of what they have been eating. Feathers, wings, beaks, heads, legs, and whole or partially eaten corpses are dropped or left on and around the structures where Peregrines reside.
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Over the past 20 years, prey remains have been collected at least once a week from the ground beneath St. Michael's Church by Nick Dixon. Collections have also been undertaken from Exeter Cathedral and another church within the city from 2006, with careful comparisons of dates and species caught, so that the same individual prey items remains are not counted twice. Sometimes prey may be plucked at one site and then taken to another site to be eaten.
Since 2009, local residents have been helping to collect feathers and, also in 2009, an MSc student from the University of Exeter, Lin Chen Yu, undertook daily collections for three months as part of a more detailed study (Chen Yu 2009) . This close scrutiny retrieved dropped or discarded material, including whole or part carcasses, feathers, heads/skulls, wings, legs, rings and pellets (Oro & Tella 1995 , López-López et al. 2009 ). While pellets have been collected, they usually reveal just powdery pigeon feathers and little else; sometimes a bird ring.
Every autumn, the gutters have been cleared by steeplejacks and the remains from thismainly skulls and carcases -have been dried and identified. Searching for remains on the ground requires a thorough scan close to the church and up to 20m away to find feathers that have been blown down paths and alleys. A wider search, up to 50m from the roost/nest site, is carried out after strong winds. While every effort is made to collect as much prey as possible, many remains may be lost to the wind, scavengers and street cleaning. Some prey items such as the larger prey captures may be eaten away from the church and not carried back to be stored or eaten.
Remains were dried after each collection and bagged for subsequent analysis. Prey species were identified from experience and with the help of reference material. These included:
• Dutch feather website, michelklemann.nl/verensite/start/index.html • The online library for bird feathers, featherbase.info Occasionally, items were confirmed by comparison with museum specimens, either at the Natural History Museum (Tring) or at Bristol's City Museum & Art Gallery. Average weights were taken from Snow and Perrins (1998) .
The similar species Common Tern Sterna hirundo and Arctic Tern Sterna paradisea, and Common Chiffchaff Phylloscopus collybita and Willow Warbler Phylloscopus trochilus, have been grouped together. This is because key distinguishing feathers, such as the outer primary feathers in the terns and the outer wings of the warblers, were missing and/or earlier identifications of remains was done without knowledge of distinguishing features. Therefore, in the early years, prey remains could have been from either of the two species in each pair. The books by Svensson (2005) , Baker (2016) and Demongin (2016) , have since helped with identifying all four species more accurately where the feathers/wings allow.
Some prey is cached by Peregrines and eaten over a period of time, so that the remains of individual items were sometimes found over a number of days. The minimum number of individual prey items was established by checking, for example, for duplication of the same wing feathers or legs as well as for feathers from birds of a different age or sex class. Feather condition and weather-related damage was important in assessments of how fresh the remains were.
Results
During the past 20 years 5, 426 remains of 102 species of bird and three species of mammal have been found and identified. Figure 1 Within the passerines, the top species to be eaten in the Common Blackbird Turdus merula (5.18% by frequency and 2.76% by biomass), followed by Redwing Turdus iliacus (4.68% and 1.52%) and the Common Starling Sturnus vulgaris (9.31% and 3.63%). Within the waders, Common Snipe Gallinago gallinago was the most common prey item (2.82% and 1.61%), followed by European Golden Plover Pluvialis apricaria (1.36% and 1.56%), Eurasian Woodcock Scolopax rusticola (1.22% and 1.90%) and Northern Lapwing Vanellus vanellus (1.11% and 1.32%). See Appendix 1 for all species and totals taken during this 20-year period.
Regular (often annual) yet unusual prey includes nocturnal migrants such as Spotted Crake Porzana porzana and Corn Crake Crex crex, and other species such as Common Cuckoo Cuculus canorus, Pied Avocet Recurvirostra avosetta and Common Kingfisher Alcedo atthis.
Discussion
These preliminary descriptive results of our 20-year study reveal a huge breadth in the diet of the urban Peregrine at one location. Through personal communications with other Peregrine workers across the UK, the results from our study appear to reflect what urban Peregrines at other sites are also eating. Certainly, our comparison with data from the cities of Bath and Bristol also showed this (Drewitt & Dixon 2008) .
The results also reveal more about what many of the prey species are doing, for example, that rare Corncrakes, Spotted Crakes and Turtle Doves are passing over this part of England. The study builds further on our paper published after 15-years in the Devon Bird Report (Drewitt & Dixon 2012 ), where we discuss nocturnal birds, Feral Pigeons, estuary birds and scarce species, in more detail.
Our findings at St. Michael's Church in Devon contributed towards the theory that Peregrines hunt at night in the UK, later confirmed by web camera footage from Derby cathedral, England (Drewitt 2008) . Since then many sites across the UK and other parts of Europe have discovered a range of nocturnally migrating species that are most likely to be caught at night (per. comms. with various peregrine workers). Night-hunting has also been recorded in many other parts of the world (Drewitt & Dixon 2008 , Drewitt 2014 . These suggest night hunting is happening on a wide scale, and is often supported by web camera recordings at night where prey is still obviously still alive when it is brought in. Night feeding of young has also been recorded in Poland and the UK, and may be more widespread (Rejt 2004 , Kettle et al. 2016 . Our 20-year study and beyond, continues to develop this remarkable story and reveal how adaptable the Peregrine is. Dixon & E. J. A. Drewitt 
Next steps
In 2018-2019 Ed Drewitt will be studying this comprehensive diet work in more detail, using detailed statistics to look at the diversity of prey across time and whether there are significant differences in prey throughout the year and comparing with other sites such as Bath and Bristol, in the west of England. This will also compliment Ed's 10-year study on the movements of Peregrines and natal dispersal using colour rings.
Conclusion
The Exeter Peregrines have provided us with the largest single site study of the prey of this species in the world, in both longevity and sample size. The results provide an insight not only into what the Peregrines themselves are eating but also into the bird species that are occurring locally around Exeter. We will continue to collect prey remains from this site until we have data for a 25 years period and meanwhile, Ed will be analysing the current results in more detail. 
